This paper presents a simple and computationally efficient saliency extraction method for detecting dim small target from single frame in heterogeneous background. The proposed method is based on background subtraction (BS), which identifies targets from the portion of a image that differs significantly from a background model. A set of horizondirectional filters (HDF) with multi-scales are first implemented to effectively recover the background maps from the input image. As a result, the foreground maps are extracted by computing the absolute difference between the input image and the estimated background maps. Then the foreground maps are fused into the total saliency map using a simple scheme. Finally, the experimental results of various cluttered background images show that the proposed method is efficient and has an outstanding performance in dim small target detection just by thresholding the saliency map.
INTRODUCTION
Infrared small target detection in heterogeneous background is very important in many tasks such as, automatic target recognition (ATR), area surveillance and remote sensing. Because the target is far away from the imaging sensor, the small target in infrared image usually has the properties of low SNR, small size and unavailable shape information [1] [2] [3] [4] [5] . These properties make small targets highly difficult to be detected. Many algorithms have been proposed to detect infrared small targets, including mathematical morphology based algorithms [9] [10] [11] [12] [13] [14] , filter-based algorithms [6] [7] [8] , wavelet based algorithm [15] , machine learning based algorithms [16] [17] [18] and saliency based algorithms [19] [20] [21] .
Commonly mathematical morphology based algorithms [9] [10] [11] [12] [13] [14] suppress clutter background mainly based on top-hat transformation which is sensitive to dim target and clutter background. Filter-based algorithms such as kernel filters [6] , max-mean & max-median filter [7] and adaptive lattice algorithm [8] are used to reduce only the background clutters. While effective in certain scenes, such algorithms have severe problems when they detect the size-varying targets since those algorithms use fixed filters.
Multi-scale wavelet transformation based algorithm [15] for dim target detection was introduced by Gregoris et al. Although this algorithm shows the feasibility of multi-scale analysis for size-varying target detection, it is computationally complex.
Machine learning based algorithms [16] [17] [18] are trained to find specific target categories like tank, truck and ship. The drawback is that these algorithms require extensive training and they are not able to cope with objects that do not belong to the predefined object categories. Moreover the training process itself is cumbersome and usually the final performance of the methods is dictated by the content of the training set.
Recently, saliency based algorithms [19] [20] [21] have attracted more and more attentions in infrared small target detection. The motivation for those algorithms originates from the attention mechanism of the human visual system, which enables us to quickly focus on general salient objects without preceding training. Most of those algorithms measure the local contrast of the image areas to their surroundings, which is done according to features like image intensity. *xiarb@sia.cn; phone +86 24 23970394
The aim of this paper is to develop an efficient method to detect the infrared dim small targets from single image, which is rather practical if we have a single image instead of video, or if the targets of interest are not moving against the background. The multi-scale HDFs are used to detect potential targets in the IR image due to two considerations: (1) The HDL filter followed by a background subtraction technique can be applied to create foreground map which has poor responses boundaries between heterogeneous areas and is robust to image tilt. (2) The multi-scale scheme allows us to detect targets with different sizes. The simple combination makes the method very efficient to detect dim small targets in heterogeneous backgrounds, especially in sea-sky backgrounds.
SALIENCY EXTRACTION
In this section we will present the details of the proposed saliency extraction method. We begin by introducing the general definition of our saliency measure, and then continue to describe how it is applied in a detector. Fig. 1 summarizes the proposed saliency extraction method. respectively. The HDF can predict the horizontal background and is robust to image tilt. The Fig. 2 shows the background maps created by three HDFs with different scales.
Background detection by horizon-directional filter

Foreground detection by background subtraction
Foreground detection compares the input image with the background map, and identifies candidate foreground pixels from the input image. The most commonly used approach for foreground detection is to check whether the input pixel is significantly different from the corresponding background estimate:
backmap s I x y I x y T − > . In this paper, the foreground map is directly defined as the absolute difference without using threshold for purpose of sequential fusion processing which needs the integrality of information 
Saliency map
We will apply the foreground maps, defined in previous section, to construct a saliency map. We implement the HDFs with different scales on input image since the targets of interest may appear in several scales. Let 
The final saliency map is normalized into the range [0, 1]. Fig.4 . The results are shown in groups of four images. The original input image is shown on the most left column. The saliency maps on the second column are from the top-hat method, and on the third column from the proposed method. The most right column shows the segmentation results using fixed threshold on the saliency maps from the proposed method.
EXPERIMENTS
In this section we carry out a set of experiments assessing the performance of the introduced saliency extraction method and compare our results with the well-known top-hat method. A small target in this work is defined as target whose pixels number cannot be over 0.15% of whole image with width I W and height I H . As an illustration, the size of a small target should be blow 7×7 in an image of size 128×256. So, the proposed saliency extraction method is evaluated in four scales using parameters: { 1.5 0,1,2,3}
To verify the efficiency of the proposed algorithms, a collection of test images with different clutter backgrounds are used in this experiment. Experimental images are infrared images embedded with small targets. The clutter of images is heavy and the targets are very dim. The results are compared with the top-hat method and illustrated in Fig. 4 , which shows the original IR image, saliency maps of the both methods and the final extracted salient segments. In order to segment the final salient targets from the non-salient background we threshold the achieved saliency map S(x,y). The threshold T corresponds to the lowest probability we allow a salient pixel to belong to a target, and we set it empirically to be T= 0.65 in all experiments. From the results one can see that the proposed method gives clearly more plausible detections, with remarkably higher accuracy for most of cases. The simple post-processing is recommended to be done if one wants to remove small separated pixels. Table 1 summarizes the statistical mean computation cost on each image. Note that the proposed detection method is efficient than the well-known top-hat detector for real tests. All results have been obtained using the MATLAB software package.
CONCLUSION
To detect infrared dim small target embedded in heterogeneous backgrounds, in this paper we have proposed a new saliency extraction method, which is based on a set of horizon-directional filters and background subtraction. The method is simple and efficient to evaluate and it requires no training. The proposed method largely enhances small target and efficiently suppresses clutter background. Therefore, the target can be easily detected through a simple thresholding method. Experiments show that our method is more efficient than the well-known top-hat method and indicate that our method is suitable for dim small target detection even in challenging situations.
